MATERIALS AND METHODS

Two-photon excited single molecule fluorescence.
The fluorescence emission of 727 single GFPmut2 proteins embedded in silica gel has been recorded by means of a two-photon excitation microscopy equipment (1) . Fluorescence from single molecules was excited with IR pulsed laser beams (13 kW / cm 2 average intensity, 0.1 ps pulse width and 80 MHz repetition rate). Each molecule was illuminated for 8 seconds before translating the focused laser beam to the next protein in the image with a nanocube piezo actuator (48 nm linear resolution). Fluorescence was acquired with 100 µs resolution. Due to the low beam intensity in the measurements bleaching was kept to very low rates while the photon counting statistics was more than sufficient (2) . Simultaneous access to the emission from the GFP neutral and anionic states by means of two bandpass optical filters (460/40 nm and 515/30 nm) upon excitation at 850 nm (3) (Fig.S1 ) and two avalanche photodiode detectors followed by counting electronics allowed the recording of the signals that monitor the photodynamic processes occurring in each single molecule.
Protein encapsulation in silica gels. Encapsulation of GFPmut2 in silica gels was carried out according to a procedure due to Bettati and Mozzarelli (4) . The stock protein solution was diluted 50-100 fold in 100 mM phosphate buffer, pH 6.8. The final GFP concentration was approximately 1 nM. A drop of the mixture was deposited in a circular micro-chamber, ≅ 5 mm in diameter and ≅ 400 µm thick, built on a glass slide. Upon gelation, protein-doped silica gels were covered with the same buffer and stored at 4°C for at least 12 hours before use.
region (Fig.S3B) . A much larger number of switching events, ≅ 20, is found when the window falls within ≅ 40 ms before unfolding. The value of ∆τ 0 has been estimated by applying a threshold criterion to a Gaussian best fit of the switching events histogram as shown in Fig.S3B . If the threshold is set to 2 events per 10 ms time window, the ∆τ 0 distributions is that reported in Fig.S3C .
The values of ∆τ 0 , that are found to depend slightly on denaturant concentration (Fig.S3C) , display distributions that are well described by Gaussians at all investigated GuHCl concentrations, as shown in Fig.S3C , with ≅ 5% spread: ∆τ 0 = 46.8 ± 2.4 ms, 42 ± 1.9 ms and 39 ± 1.6 ms, for 0.45, 4.45 and 6.0 M GuHCl, respectively. ∆τ 0 might be related to the falling rate of the energy barrier separating the two protonation states of the GFP chromophore. This rate, in turn, is expected to depend on the details of the denaturant-protein interaction kinetics. ∆τ 0 , for example, is ≅ 54 ms ± 3 ms, at 1.0 M of urea. (Fig. S4C ,D,E and F), confirms that the first half of the trace contains more regular oscillations whose period distribution can be fit to a single Gaussian with mean <P> ∼ 2.25 ms Hz and σ 0 ≈ 0.17 ms standard deviation. We find that, in the first part of the pre-unfolding fluorescence trace, the ratio σ 0 /<P> is ∼ 0.075, independent of the GuHCl concentration. Therefore, a practical criterion apt to separate the initial and more regular A-N switching from the less regular switching and, consequently, to determine the duration of the former, has been that of taking the ratio σ 0 /<P> = 0.1 as a boundary between the two segments (dashed line and arrow in Fig. S4G ).
Pre-unfolding switching statistics. Each single GFP can be followed during several unfolding consecutive processes (Fig.S2 ). During each unfolding only one characteristic frequency is found in the N-A switching oscillations (Fig.S5A, left) . The oscillations are analyzed in terms of ∆t off , ∆t on and ∆P as defined in ms (σ 0 = 0.17 ms) for urea (Fig.S6D) . Polyelectrolyte films, a few nanometers thick, can host GFP molecules both on top of the upper layer or between layers. These films are found to keep the proteins secondary structure very close to their native form (7, 8) . Very similar pre-unfolding dynamics has been observed also on the surfaces of polyelectrolyte nanocapsules and in agarose gels. In conclusion, the essence of the pre-unfolding switching dynamics does not seem to be related to the type of the denaturant agent or to the trapping matrices.
Resonance effects in the duration of the pre-unfolding switching. As expected, the resonant effects are found to depend on both the applied frequency ν a and on the field strength whereas the 5 application of an off resonance field does not produce measurable effects. The duration of the preunfolding switching, ∆τ 0 , reaches its top value only at resonance, i.e. when the switching frequency (ν 1 , ν 2 or ν 3 ), falls close to that of the applied electric or sound field. When the applied frequency ν a moves away from resonance then ∆τ 0 drops from the maximum value to the unperturbed ∆τ 0 (Fig.S7A) . Data points in Fig.S7A have been fitted with a lorentzian. The A ↔ N oscillation duration ∆τ 0 is a function also of field strength (Fig.S7B ) and it can be described by a sigmoidal function. In particular, at ∼ 0.9 V/cm electric field strength, the value of ∆τ 0 is found to lie halfway between the unperturbed lower value and the upper resonance value.
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